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LUMINESCENCE FROM SELF-1’RAl’l’12D l~OL13S IN MAIVGAN12SE-130 P13D
CALCIUM FLUORIDE SINGLE CRYSTALS

hi. S, ,J.AH.4N,* D. W. COOI(E,** illl(l C, ,\LltX/\Nl)El{, il~.j

‘Department of Physics, Mcvnphis St[d c Ul~ivrrsity, Memphis, TN 3S152, U.S. A.; “-Los Alamos National Lab

oratory. LX-H .UUnos, Nivf S “75-45,U.S. .4.; t Dclmrtmcnt of Physics and Astronomy, The University of Alabama,
Cuivcrsity, .+L 35486, U.S.A.

Tirrlnally Stimldated luminescence (TSL ) and c]cctron spin resonrmce (ESR) measurements on X-irradiated
CriF~ :X[n (0. 1 wt.%) single crystals I]nvr Imcn comiucted ill the interval 70 to 300 K. Prominer.t TSL peaks
occur Imar 150 K (345- nml 495-rim cmissi(m ) iil](l 200 K (predominantly 495-rim emission) with thermal decay of
ESR renters at tlmsc srune temperatures. Tikl] collrctivcly the data suggest that 150 K TSL emission is due to
mobile hcdcs from VK ccntcrs recombining “with Imtll trnpprd electrons and Mn+ ions, i, c., VI... + c- ~ 345-inn

) + hv (4!J5-llIn remission). Additionally, H centers are formed by transform.crlission, nnd Vl( + Mn+ ~ (Mn2+ ●

tion of 1/-/(rrntcrs. At 200 K, holes fro]n H cmt.rrs mcmubine with Mn+ to pmducc excited-stnte (Mnz+ )= which
(Ir{-ilys I)y t,lllitl illg 495-11111 ril(liilt.i(~ll,

1, lXTROD[’CT1ON”

Pr,’vi(llw TSL wIJrk’ 1111C11F2:M11II:IS SIIINVIItll;lt.

ill tlw illlrlvnl 77 to 31)0 1( the most illkllsr glf Iw oc-

(.111’S 11(’111’200 Ii. Prr(lmni]mllt rlllissi~m is i-llll~{l(_t(, L’iW(l

I)y :L Iwnrly C;itllssif\I1-sllnIJr(l Pcd with IIlnxillllllll rd

495 11111,aII(l is llttrilnllrfl”~ to thr (Ircxcitnti[m of UII

rxritr(l 11:12+ ion [(11112+)- + Mn2+ + hI/ (495 rim)],

( )l~tiral Ill]s[)rl)ti(ul st.llflirsn ‘In the Snlllf” Irlll]m’llllm’

illlrrval ]Invr i(l(vlti[ilvl n l)nhd lit 450 “1111which tllcr-

IIUI]IV IIIT:IyS iIl 200” Ii IIIAII is msm’into[l Wil.ll Mll”l”

i,)lls, l~sl{ {Sx])f.lilll,,lltsi (Ill irrlllliutr(l ( ‘illJ,J:N”Ill 111s(!

Sllllwl.(1 tlllll \lll t rIWUIIIIIrr sigllhls t lIrIIIIIIlly Ilw:IyrIl

Ilt T-m K. TII(W’ Wllll.s slly$@ I’(I Illnl :!00 1( ‘1’s14 W’lls

IIIW II) Illlll]ilt, 11(111’sfr(}lII If rrlllrrs 1“(’(’[lllll)il]illj: wil!l

!,[1124” il)ll~ ~if,lflill~ 4!)5 11111mllissi[ul III Ilfl[lii,it!,l III

I lIr \ll I+ 1;S1{ sigll;ll. II srr(mIl wNIuI:uIrr wllirll Illrr

IIIIIlly ,lw:IyIul IIrIIr 1~J(l K WIIS IIlwr\wl lNIt II(JI. iflrll.

I iliml, 111t II(. III”IWVII wIl k w j)lrwvlll ‘1”S1, 1111(1 ESII

tlht:l wlli(.11 SIIINV 11):11 II WIIIIIII (I(w”ny t)flllis I’XI{ sij~ll:ll

is t’lwr(tllltr~l \vitll 1111’IL() 1( ‘1’S14 gl~I\v ]wllk nli{l I.llltt.

lf.~,,)lllljillllli(}ll Illlllill!.s(’t,ll(’c, illlfdww w IrII:llqll’111,1)1,’:4

( 1 ‘/, I’1,llll ,1:.),

:?, l“:xl’lfll{ l\ Il’:x”l’,\l,

Sillp,ll, ,01},:.11,15 II( (’:11:1 ,h~lltllillillj; t),l I (),()1 Ivt ,’)/1

\lII, ttl,lllitlf.(1 fI(IIII ol~lIIvII(O, 1111,,, WrlI’ II:;IIII ill Illis

* Slllll),,llr!,l Ily Ill,, Sill’;ll Slllrilt !, \\ ’lWllrlll., ( ‘1,1111.1,

* ‘ S,llll,lll’,, (l I:v 11,1, l“,s, 1) (),1’,

invcstigrbtion. IrrndiBtion w~ provitfccl by nn x-ray

mnchine operating at 40 kVp and 25 mA with an ex-

posure rate at the sample site cf 1.4 x 103 R rein-]

(0.36 C kg-]min-l). ESR data were taken on both

X-band (u = 9 CHZ) and K-band (v = 25 GHz) spcc-

tromcters. Isochronal thermal snnealing of the ESR

signals was performed by warming the wunplc to a se.

lcctcd tempcmturc nnd mnintaiuing thnt VLLIUCfor rL

given time period. Subsequently tlm. sample wrrs cooled

t.o 70 K und llm rcnulting Rprctrn rcrxmlwl. 13umlpnw

Iilld’rs w~’r(’ Iwml ill c~)lljllllt’lli~nl wit II II Iligli Iu(wsllr,,

llwrcliry-viLpOr lrmlp (500 W) to pmvi(lr Awtiw, ldNJ-

I(,l)hwrllillg of tlw ww}:uulrr ~igllnl~.

3, RESULTS AND DISCUSSION

Tyl)ind h)w-[irhl ESR nprctrn of Ck17X:hlIl X ir-

rn{lintrd nt 70 1{ Iwc mhnwn in Fig. 1. r)lll n L! ’f’r’(”

(nkml ILt 70 K with n ]{-IN’uN1tqmclr(~llwh’r III M*I’111illg

nL IJ := 2c,13G Gllz, ‘I%mviml Ilrcny ~~f[Iw Mi14”~igllnl

tins Imell Im-vimndy [Iinclumxld nml wr ri,lmwltrnlv (vI

tlw rrs~nlnlwr Iilwn Inlwlwl II, 111, nllfl IV, AH~ll(nvll ill

t IN, hl\L’rr I)lnli[,ll t)f tllr grrqdl, I,llww Iilw+ ILrx’ Iliglll:

Ilt.lIt.IIllTtIl 011 1111, 1111/;lI, lN4Lv,,~.11 III(. Ill}lllil,tl lllllll,ll~,lil’

Ii, d[l 111111I,IIIL ( I 10) crydhl nxis, I’}”(IIII I Ill! Illtwlllml

Iif,l,l l~,vtilitnl of Iluwr rrF41NIlLl)twt Iil)rs wit II IIVIIIVI’I. t.~}

11111rt~tntitlll mI~{lr, nllil frolll tll~~ir illlrllsily mlIIIN, it i~

IIIII IIL]IIIIIYI tllnt tlIrMI, llyl IrI, flIIr HIIITl,I,II IIW Iyllirlll ~J II
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FIGURE 1
Low field ESR. spcch of irrndintm-1 CnFJ :Mn,

[VI( (reorient.) ~ H]. Upon further warming to near

200 K, the H-center holes become thermally unstable .

mld migrate to Mn+ ions; they recombine, producing

excited-state Mn2+ ions and concomitant 495-rim emis-

sion [H + Mn+ ~ (Mn2+)” + hu [495 rim)].

This Iuoth:l ~x])lilill~ LIIC l’SL ;IIN1Ml{ {J)stvw~kli(jlls

nnd is simil~ to onc previously suggcstml by 13cmunont

ct al. s to (lcs:rihc TSL in thulium -rlopc(.l CBF2. Wc

IIute that they identified a broad. nsymmctric emission

brind peaking near 2S0 nm which wu ascribed to scif-

lrnppcd cxciton (ST’E) lumincxcence. This lumincs-

ccncc results from recombination of a self-trapped hole

with t hc electron trapped in its positive potential, amt

SI1OUMbe somewhat different than ordirmry clectron-

hole recombination, Unfortunately our data do not

rdlow us to make such n distinction. Nevcrthekss, we

sllggest that 345-rim emission in CaFa:MII is associated

\Vit]l 1~/{ CcllLl!l’H I’llt]lt!l’ tllllll (’(-i’illIll illll)lil’itJ’” IIMIllIll

been recently proposeu.

4. CONCLUSIONS

A model dcscnbing the 150 nrid 200 K TSL cm~s-

sim in X.irradint.cd CtiF2 :Mn hns been prcRcntcd, At

150 1{, TSL emission spectrn peaks occur nt 345 nnd

495 nm, MCI nrc attributed to Vli-cc!ltcr hOICS rccom-

hining with clectmn~ and Mn+ ions, rcsprctivcly. Sni]m

of the Vii ccldrrs MC idso t,rnnsforlncd to H rxmlcrs.

Ncnr 200 1{ the lf-cwtcr lmlcm hcrnmc thcl Iimlly ml.

stnldl’ nnd rrr.runljinc w!t!i Mn+ imw, yirl[ling 4!JS-nm

i,lllissii:ll. NII flixtili~,l,il,ll ill llIIUlII 111,t\VIVOII S’1”1; I,lllli

llwicrl;cr nllfl ortlinnry hole ( VK cmitrr)- rloctroll lWWlli-

Ijillnlif)ll, ‘rllc 34&n1u cmiMHinliill CnFU:Mll is not M-

wjcintwl with cmilllll,
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